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AB - JP2000028696 NOVELTY - A resonance circuit comprises a coil (17 
) which is arranged at the interior of a specimen chamber $8), 
whereas variable capacitor (19) is arranged at interior of plunger 
(24). The operation shaft of the movable electrode of capacitor is 
guided outside through the hanger tube (22) inserted within inner 
cylinder (18). DETAILED DESCRIPTION - A vertical hollow hanger 
tube (22) is inserted into an inner cylindrical container (18) from 
upper portion. The lower portion of the inner container is cooled by 
liquid helium from its exterior. A plunger £4) is fixed at the lower 
end of the hanger tube and heat conduction block (26) is fixed 
around the periphery of the tube. A predetermined gap is 
maintained in-between the plunger and heat conduction block.A 3 
He path (27) vertically penetrates the heat conduction block and 3 
He supply pipe (28) is guided from upper part and connected to a 
condenser (30) built in the heat conduction block. A heat exchanger 
(36) is provided between plunger and interior of inner container. 
The exit side of the condenser is connected to the heat exchanger, 
whose end is guided to specimen chamber (58). The outlet for 
discharging 3 He is joined at the upper portion of the heat 
conduction block. 

- USE - For nuclear magnetic resonance (NMR) analyzers. 
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DVANTAGE - NMR analysis j^^g^rr^ed reliably, since capacftej^ 
and specimen are maintained dl sup^low temperature. Improves"™ 
NMR analysis sensitivity, since^Strctfftj magnetic field is applied to 
specimen, easily. DESCRIPTION OF DRAWING(S) - The figure 
shows cross-sectional view of dilution refrigerating machine. (J 7) 
Coil; (18) Inner cylindrical container; (19) Variable capacitor; (22) 
Hanger tube; (24) Plunger; (26) Heat conduction path; (27) 3 He 
path; (28) 3 He supply pipe; (30) Condenser; (36) Heat exchanger; 
(38) Specimen chamber. 
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Tl - DILUTION REFRIGERATOR FOR NUCLEAR MAGNETIC 
RESONANCE SPECTROMETER 

AB - PROBLEM TO BE SOLVED: To obtain a dilution refrigerator, in 
which a sample used for nuclear magnetic resonance(NMR) 
analysis is cooled and held, in which a resonance circuit is built, 
which uses a variable capacitor so as to be capable of tuning the 
resonance circuit which restrains heat from leaking in from the 
outside and whose outside diameter is reduced as a whole. 

- SOLUTION: A hollow support tube22 is inserted vertically into the 
center inside an inside container which is cooled by liquid He. The 
support tube 22 is passed through a heat conductive block 25, a 
fractionating chamber 40 and a heat exchanger 36 so as to be 
connected to a plunger 24. A mixing chamber38 on the lower side 
of the plunger 24 is used also as a sample chamber and 
concurrently holds a resonance circuit coil and a sample. The 
variable capacitor of the resonance circuit is installed at the inside 
of the plunger 24 directly on the low-temperature mixing chamber 
38, which is used also as the sample chamber. 
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T^ttiffllfi, 7*5 2 4 t rt<H8» 1 8cortS®fc 
<OBBO«BI4 2fci5K$*i.fc3fc23ft»3 6fciStt$*u 
$ 3 6^Tffili. f^^l3 8{C 

^*>:ft.T, dc0iI-grM3 8(*I(C 3 He5:tttiJ-r-l»tttiiP 
4 4*<iS(t^^tTV^S. &fcl!u^ 3 He#fti}P2 9fc 
3 HeMf28i^Ht|i, rt«8S»18<p*W(cti 

[0 0.3 71.36 £ HUlET*^ V i>> 2 4 CDrtSCtcfi , «T 
^3 l 9 #iei£§HT . rco^n >-x>- 

ti9it -ttcom^mfii 1 9 a , 1 9 c nic ^mmm 

19B*mW.LX%hi>(r>X'h Y ). m2\,zikkl r X^t 
X a 4»**^fJSWW l 9 B $rSa:=5rA^K{^ 

1 9 A , 1 9 C SrStt^riaj^o TSHS Lfcflftft 
«, -^coH^mfii 1 9At 4>*O^I»«® 1 9 B be?) 

m%mm i9ct comco**;^? y* t zw.mzmm 

1 9 B yf>tS#i 1 5^±T»tC 

i oTiT^fSj^ttaias-r a .r t (,z x o . ^ssr^x. 

[0038] lutein yfVt 1 9 WnjKimfii 1 9 B 
AZtitnq&a yfytSM 1 5 coTSSStclRtt 

^wusgaitfctt. -etfDSMM* 1 5 * jtT^r^^ttws 

1 5B(i, 8ajxtfia^L^vvy7 = ^iiiii6$-a:-C7.^U 



2 8 6J5 



[0039] $ ^(Clll fciiWC. 7*7^v>2 4?)T 

h. -t%Jbibm.&mMmm3 8mzu. :M/n7A< 

yyi9tm-&ZtiX. WRs(c?tffl»B«*4-i*fc 

OTMd^^tbf 5Sgf2 7A- 2 7Di0d%. 4i£?2 
7A, 27?Pte&Wi2tlXY>&. ^rt>BuE^3>-7 ; >' 
-9-1 90H^«fiil 9A, 19CJi«f27A, 27B 
£8X3*1.- 47t^2 7B{i^2 7C(CiSM$ilT 
fLTffif 27C, 2 7DKI1 75^+2 4 
<0P^»fflW» ^ PlttT"- 7"^ 2 1 #fgil£ 0 , C <0 
|BIIS^-7;P2 1« % 7"5>>-'-r2 4rt*^Hif^^ 
1 : 2 2f*J$-ji^)T. ^c0^t2 2O±^hSP*^^ 
•^^^•^2 2A(C^{t^iX^3^^^2 1 AKfgi^$ 

[0040] UUitfO^ 1 <0!dfcW<3NMR#«fSWi* 

s?^a«fcj3v%T. nai^si 2<oi*nfifcrt«is»i 8 

^<7)* H e ) #&A£it. iWWItMi 1 6 

fr&zvgmritf&mztLX . i Kgsoffija(c«»$ 

•y h2tCffiSL. ^#7"o y^2 6$rl~l. 3KI: 
^a-r^ KH^-f . — 1 8?>#SM4 0 F*J 

?gB4 7 awsi4 ortco+racaa-r -5. «t a C 

<He-10% 3He^«l»flSffl47*W>:§il, - 
*S^a3 8«» 1 00% *HeCOmmmt "He- 
6. 4% 3 ,He9^ffl*^^l>?gffl4 9-C'jWv:$iX 
2. . ioi' 5 'He *m^>-T4 6 i o f 

3 He«^2 8&gT^S3 0lC^*I, SBSeWT" 
n 7 ^26CJ:-5T 3 He*U . 3 KSKKftaJSJUT 

?a-fk-r-g.. 3 Heti, ^-emi«EScM5 3 4fc 

^vg^^«gmm3 8F*)^ttai$n?.. -r^ig-^^st 

«£3 8£:BVvCli. KCSI4 . 05 KtJttS«^»9 
(cov^-C^/SiatCs Rtm^iXJt 3 He*J±ffi!l01 0 

0% mecommffiizmiriLX; wm&co 3 He^— 

A^TH^ 'He-6. 4% 3 He »»tatr . 

[0041] -^m.ismmm^3 sli'tf&w.A otm 
aL.t> ia-^s*s«m3 8rtco#i9ffl^ 3 

He«:#@ig4 0l;:M&*>\ ;<o#SS4 Otil KUT 
Offi^i:^roTV->?,3ty>. 3 He t 4 H e ^ifi^rt&W 
^EcOl&C iot 3 He CO^*^^ L , i iO^fflW 3 
He(i^f5^7"a y7 2 6t0 3 HejiK2 7^Jl-5Tl*J 
W^S 1 8 <D±JjCDQfflfrt> 3 H e ffl&n 2 9 $rgTK 

ttipyyA eizx-oXtimztih. :w:M-jT, ii- 

®M4 0 F*J?>?£{fc'-OJ 3 H e iS^tS 1 %SgC 
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#S£40<0 3 H ei8g (£>1%) fc*S 

&wfcm&m38<7>mm<p<?> 3 iiemi&(6- 3%) 
xm&mmmm 3 8 n<r>mm*<r> 3 h eim.&{&< 

%&lZft%\,\ 3 H e 1 0 0%c7)jgJ¥ffl*^^W^ 3 
H e ^^fSffl+^ttatfi i: K3r& . 
[0042] Z<7)£?t,ZLXmUmz 'HetfilJ 
*U ^Oii-^^ft5m^3 8tfctt&#Sfffl^O 3 He 

tfcmz 1 0 mK>r-^-c7)@®jS*>**8fif$iX. ISf4 s t 
1 OmK?f-^-coeffi^tCft»$n&. 

[0043]-^ 1 2<M\-mfrt*imm'?y 

^vhmzi^x m&msmmm. 3 8 n <nwm s tcsaii 

£EpinU *>-p3W;H TJoit/^n^x^lM 9A» 
=Sr •& ^JSIsimc J: o X n ;n 7 lz± LhmWmM^ 
Zimst,z5-ttitf. mz^UXdliZi-^ hz/y h$> 

Z'utcoZbtfX-^h. fU^yfvtSffttl 
5^±TWs^hZbi,zX->X. ^ayfy^-i 9<o 

gi^siL. mmsizmz&TBimmcvmwm.zgz'ikz 

■£&ZbtfX'Z&. 

[0044] ZZX\ ~*t$£a 1 9\iyy> : J^ 

i<m&<n&mzwo.it>t<.x^hfrh, ^yfvt 

1 9t3^f/H 7fcco^<0^{i«<-C^ v Lfc#*o 
T23IlH]S§fc LTlin yf^tt =M /UtcofflcomMlz 

av&nm^w^-? >^m^^^h z fc 
j^fci o iz&isy h*i6immx'&i&-r&zbtfX'Z 

[ 0 0 4 5 ] £ ^Zftmz-^^-zi yfytl9 

iitv^r7Vy>24 ua^sifE&ms 3 8<m.^z 

b^XWhX^^^ZWft^h-hiFty. *<7>5I&3> 

f^tl 9g#t>ffiS{;:8t8$*u ^ofcA&sa&fcif 

fgiasst^t ^m^wicfe^Pitt^-^2 1 fc . ^ 

«il-rS^^2 2l*I(=^A$ilTt>0. £038**2 
2li^fe^yD.yi?2 6, ^®^4 0^«5iLT5feSS^ 
r7>^2 4#Ktt^ixTV'>|>a>£>, 3d$t2 2g 

#hztit=(D&m^itfHZ{§Mizti, Ltztf^xim 

*>^><7)^ftA$-^Hcffljt-r £ £ fc * { T'£ 2. . 

[0046] zLx&tz, ^s^y^y^m^mi 5fc 

JitfEM^- 7)V2 1 »2l*lffl!lW2§ 1 8rtco>f 
&2£#*2 2rtKJi|A£*lTV^a^; 05(C^^3K 

w^wi 3 iz^zi yfvts^i i 5 xr/mm-y 

-y-)V2 1 £IJ|£^ (*) WaSs 1 8<o&tfifo*~f 



[0047] %&miiz^ixh$mM<n>KMKftmi 
wmmitt&mzto^xii. fmrnyv y ? 2 6itmz 

-crtwg&i 8<onmizfmizmf&Lx^2>-i)K mmm 

{ctirtW§3£l 8<7)rtffifctf0fSI^- : 5r< fc t>— 
»4-l fcw^TiSffliO «Heli, 1 — 1. 
3KSSlcfcv%T{iHe I I t^$<xSJi8£K)14Sr^-r 
$mbtciXt5<0. C<0S^iM4^i^T^®^4 0rt 
<0?Sffl4 7#<D iHell WM2 3AA'f.[*lMSl 8 
OrtSffiSreotjSV^fc^^Ti^t. fftg^u-y 
7 2 6<OjgBO^Ot&»<02EBS4 1 £519 , $ hlzm 
fm7v *y?26X*) hJJf^M^mb LX±ft'?Z> . 
ZZX\ ^•®S4 0(*|c7)?S®4 7A*^[*HH!l^Sffl8<^ 

rtwev^fcawt Lxm$m^'7J>mmtf±&-i-&i,z 

<3r&B&#iaK (*«;2. 1 7K) i:'5r-l.fig^T-^ii* < 

^^.ctfc^o, 0ii^(fiii^*5tti»fiLaA^-e±# 

[0048] icOidlcS^Si^U^fcL-CjS* 4 H 
e 1 8c0rtMgVHC^e^ro -y ? 2 6 J: 0 

4O|*| t t0t>^^< : 3r^Ti3 0» -eco^^^sortW 
1 8rt®<75Sgrj» 4 H e}i®*^ 4 H e A'Z.t>*m9t 
-TS. Clc0 4 He^li. #®^4 0tf)?Bt®2 3Aa^ 
■H»tfe 3 He(cS-^Six. 3 HeSfain 2 9#>^«£ 
^rvr4 6 lei oT 3 H e b b t CSBH • 0iR$ix-C t- 
idifctc=5rl». Hffi#>'X4 6t=«t 

-5-C0JK$<xS^4«<O 3 HeWU£ifl&<%r>X Li o 
Zbfrt>. S^V74 6 #>^>#f 3 H e 2 8% 
-frLXm r )&3.tl&tfX'P<0 3 HeigJgi>T* 5 -5TL^ 

i iz*zti&NMRtttjmmm$;%ii$;w.mz2 

ev^t±#tfe 4 H e <0jf J1A>A><0 4 H e XXCOMftlZ 
X ^.lel|R^x4>c7) 3 H e mfecofcT^ffiskth X 3 izffi 
f8.-f2>Zbtm£L<. Z tltfdwm 3 K^-fKS 2 CO* 

ifegajco n m Rttvm^mftm&mmx'b o , WFizm 3 

[0049] 03lefcvvc, ftm®mi8ftcr>±.mz 

ZcommS 5 0 Ji. rtKl^S l 8 X 0 1 hi*MZ>M£X' 
h->X. -?-Wrt«SSl 8foiV r 4'^a# / i : 2 2(C^L 
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&fz®wm 5 o<o±.mz\t 3 He$mn 2 9#&i8.zti 
>r 4 6 1 m*txx v \* .. -e tx ®m§ 5 0 <n±. 

fcr«H!«5-o«±aKawic5 2izx^xmmm^mt 

htlXtS*)-. Z<?>W&5 2*53¥g2 2iiS.V 3 Heft 
&«2 8^±T«fflLTV^. 5rfc^<D®Pfl^5 0M 

rtffl^s 1 8 1« Lxmew&k. save a 0 . Lfc#o 

T^BIf 5 0 mftfiar^ci 7^26. 2 2,77 

>5*r24. 3 He«J&^2 8. &ISS3 0. 1*3:8131 
34, 3 6 4:-ftWfc:rtMS»18rtlclfA. »R«n 

c 0 0 5 0 ] £ Mzmmmrxj -y 7 2 e tea, m 1 cc^ 
LfcHM« t raafcJtTtRa-r & 3 H e JiSS 2 7*^ 

j££*rO^#. 3 He aS§2 7C0TSS{C{±, 
iI»*T*NS*Sl*Tae£4 Ort^Setir*JW« 
-f7-5 4*Jt§tt^,ilTV^. *LXZ<?m&'U75 4 

A^5 6^tt6iVOV&. ^c0[h1JR^ j 'n'-5 6HU * 
<7)T*HP38 (SfcMi) jW^fflfiSSl 80rtgJ: 9*>"f 

[ 0 0 5 1 ] l£LL«9«k 5.3:35 2 ^S&f^JC&^T , 111 
com 1 05*13*01 McfttiS* 0 rtc0^®4 7 A*>£> 

-56. S^-f754, 3 HeJI8&2 7. WBH^O 

<ortfflS3ai**<o«fca->"c. 8 Hewajd2 9*»^n 

[0052]^;t. JK£&<fcJ: a K#S£4 0 Oift 
M4 7 Aj&»j5>fcL igtic 4 H e COMtisM^V ^M.COMm^ 
F*jW|:SS18?)|*iMM£{ko-C±#U -e^JBSaft^'J: 

v&Bmitmsmyv 2 6<D_h;sr<o&s4-c^ 0 . 

i^t&Vti&mmWi&Mz&^xm&fMtLX 'He 
^7D-y^2 60±MSIi^ 

4 H e ^Xfr'ffifT'n 7?26 COlXZmco 3 H etf 
Mzmm-SZiiX L4 3 £ bMbkSM: Ltztf-o 

x 3 h e mtan2 9i>^M^>y4 eizX'>xm\. 

[ 0 05 3 ] 4fc. F*«§S 1 8eDrtaraSJ36Lfc 4 H 
e#Xti. *c7)-gfl(i|$Tl.T#®g4 0 (CM # 
0l*lO?gffl4 7<0^B4 7 AcoA^ttilMX^A 
-5 6t=J:-5-CS*>ilTJ30, Uta*oTJKE4 7 A*> 
^ 3 He <?Si»^fc-f-<0* H e tflgl^ftT L 4 3 
dfc* 5: 5r<. iibA,t' 'He ^W^'EIR;^- 5 6 



ftfrt>M&Uy5 4* 3 H e»!i&2 7£g"C-t;fr'Sift 

{0054} *tJ*»WCttiaiR^'«- 5 6 £Rtrcv* 

X t, . BttC^Jt Jt 5 fcfBBflj 5 0 <t->THJR 
#X«*>«D 3 He ^liS^ffiT-T & £ fc ■) <7)1I 

B^^4££3W&' '"' '"' ' 

[0055]. nctsmmwi^— 5 bcomm±m3 
■t£5%mmFimtt<oi><vizmL>?. Eftt^tw, 

5 6ii «ra<oj: 3 t:*<o-p»Hin«3i«J«a4 o com 

WFlZ^FimZix.&Zttfm& L^i)K tmiZlzX^X 
[00 56] 

cititf. ^mmcoa^^hLx^^yfy^r 

^m^X^htzih, *iM®nco+x.-->7'Z?f%?Z\ 

jucofawrf h m^mmum^m^comm^mzmm. $ 

^«D.|jg^cT-N MRM^^fc^T'l. %C0 
5 i t m 5 . Zl>lZ.-5T 

y^y^ftmZftALti^Qcoimmtf. fSiaco 
fi?S{c*t^ LX . N M R»«f £WSIfc:fT=fir d £ fc 

[0057] 4^i«^2c03%H^NMR^gl^^ 

*itLxco^frhcomixi>m.>bmi<zwL hzt wx- 
[ a i ] £ <7>f£qHcDjg i comm\co n m R^-^ajfi# 
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[05 ] €e*OS^S[®S:NMR^efSlg^«L^ 
[*H!-c9fi£HjH 

1 5 ^ayfvtSM 

1 7 a-OP 

18 ftWgSs 

1 9 ^3 

19A, 19C lU5£m3S • 

1 9B ^SWsWM 

2 1 iBiia^-y/u 

2 2 Zidtf 

[01] 




2 4 77 y^'-v 

2 6 fmm-fu-?? 

27 3 Hejffif5 

2 8 'HeMf 

2 9 3 He«ftBP 

3 0 

3 4 ft&m*$Mi 

3 6 gSSSISS 

3 8 mrmmmm 

4 0 ^si 

4 4 tttUP 

4 6 M^yy 

5 0 Sfffl^ 

5 4 @*^M r 

5 6 mux^N'- 
s tm 



[02] 
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